What is evidence based neurosurgery? {#sec2-1}
====================================

Evidence-based medicine (EBM) has become one of the pillars of modern medicine and neurosurgery is no exception. Advancements in neuroepidemiology/neurostatistics and information technology have led to the emergence of the concept of "evidence-based neurosurgery" (EBN). Sackett et al[@ref1] defined EBM as "the conscientious, explicit, and judicious use of current best evidence in making decisions about the care of individual patients".[@ref1] Alternatively, "EBN is the application of clinical neuroepidemiology to the care of patients with neurosurgical problems". Evidence based neurosurgery integrates clinical/surgical expertise and judgment, patient preferences and values, clinical circumstances, and the best available research evidence to provide a framework for patient care.[@ref2],[@ref3] In a domain as old as neurosurgery, other kinds of "evidence" have been, and are practiced in place of EBN with considerable influence on decision-making. These include: eminence-based neurosurgery, vehemence-based, eloquence-based, providence-based, diffident-based, nervousness-based, and confidence-based neurosurgery.[@ref4] These parodies of EBN, which are less reliable alternatives can be very compelling at the emotional level and may provide a convenient way of coping with uncertainty although they are very weak substitutes for research evidence.[@ref5] Although traditional paradigms based on pathophysiology and clinical experience are necessary as premised in evidence-based practice, they alone are inadequate guides for practice.[@ref3] The techniques of EBM are relevant in neurological surgery and should guide decision making in neurosurgery as far as possible. To optimize the translation of evidence into practice requires the understanding of the basics of "research methods".

Illustrative case scenario {#sec2-2}
==========================

An astute and keen resident while attending an out-patient clinic with his teacher wanted to know on what grounds the latter based his decision when an educated 50-year-old patient recently diagnosed with a giant pituitary adenoma with visual affection asked the following questions: Are you going to open my head or go through my nostrils? Will you use the microscope or endoscope? The neurosurgeon told the patient that he was to go transphenoidally using the endoscope. The surgeon told the resident that this was in accordance with the current evidence based guidelines on management of giant pituitary adenomas. The resident in the quest to understand this decision did a PubMed Internet search, but found a heterogeneous flood of papers with rather confusing and contradictory conclusions. The surgeon, a proponent of EBM then recommended a recent systematic review article[@ref6] published in 2012 with the following conclusion: "The endoscopic endonasal approach can be safe and effective for the resection of giant pituitary adenomas without significant lateral extension. Endonasal approaches have a significantly higher rate of gross total resection, improved visual outcome, and fewer recurrences. Postoperative CSF leak rates are lower for endoscopic approaches than for transcranial approaches, and meningitis occurred more frequently in the open cohort than the transsphenoidal or endoscopic cohorts."

Overview of neuroepidemiologic research designs {#sec2-3}
===============================================

A sound knowledge of the different types of research methodologies in clinical neuroepidemiology is the initial step to understanding the concept of EBN. Details have been discussed in "Part I" of this review series.[@ref7] A summary of the different types of research methodologies is described in [**Figure 1**](#F1){ref-type="fig"}.

![Common types of research designs.[@ref7]](Neurosciences-21-197-g001){#F1}

Case scenario (continuation) {#sec2-4}
============================

The review article[@ref6] (secondary research) included 14 primary studies (on 478 patients) with 4 case reports and 10 described as "retrospective studies". Evidently this systematic review is based on descriptive studies with no included analytic observational studies nor randomized surgical trials. The question that begs to be asked is: on what study types should neurosurgeons base their decision-making? How solid and certain is the evidence obtained from these studies?

Study design and EBN {#sec2-5}
====================

Evidence-based neurosurgery has become one of the pillars of modern neurosurgery. Randomized clinical trials (RCT), which represent the 'gold standard' for the effects of interventions in medicine performed in most situations may not apply in neurosurgery for the following reasons:[@ref8] Conditions may be rare and a long duration needed for outcomes to be assessed (for example recurrence of benign tumors like most pituitary adenomas). Thus, the information derived from case series (level 4 evidence) may be the best available data (as in our case scenario) to base clinical decision-making for patients with benign tumors and extended life expectancies.[@ref8] Also, few patients are willing to participate in randomized trials in which one group has open surgery (for example a subfrontal approach) whereas the other group is managed by a less invasive method such as endoscopic transsphenoidal surgery. Surgical therapies are high-priced, may involve insertion of expensive hardware, so financial pressures abound - whether from industry trying to promote a new product, or government agencies trying to control costs.[@ref9] Surgical trials pose many methodological challenges often not present in trials of medical interventions, which if not properly accounted for, may introduce significant biases and threaten the validity of the results.[@ref10] In an ideal RCT, Allocation of intervention is blinded and controlled (ABC of an ideal RCT), but blinding (for example of patient and surgeon/investigator) to the intervention is often difficult with an increased likelihood for bias. A real blinded design involves sham surgery, and is rarely feasible, so new treatment effects and placebo effects abound.[@ref9] "Expertise bias" is a major problem of RCTs in neurosurgery where surgeons involved in a trial might have a high level of expertise with one procedure (usually the standard or old procedure for example microscopic pituitary surgery), but only limited experience with the other procedure investigated, usually the novel procedure[@ref3] (for example endoscopic pituitary surgery). Surgery itself is variable and difficult to standardize nor institutionalize.

Human disease is variable (compared to animal models), and most patients have additional illnesses and treatments that complicate the picture. Additionally, patients have their own ideas on the treatment they want; needless to say, so do surgeons - so true randomization is nearly impossible.[@ref9] The definition of the study, alternative, and control treatments is very difficult to agree upon and is often deficient.[@ref9] Likewise, there is no agreement on the best way to statistically analyze surgical study results. Randomized surgical trials are often small and inadequate[@ref11] thus with a wide sampling variability. So, a single study often fails to detect or exclude with certainty a modest but important difference in the effect of 2 therapies. A trial may thus show no statistically significant treatment effect when in reality a clinical effect exists.[@ref12]

For these and many other reasons, neurosurgeons most often have to base their daily decision-making on rather "low level" or "poor quality" evidence.[@ref8] In fact, Yarascavitch et al[@ref2] in their review on 660 eligible articles from 3 journals published in 2009 and 2010, revealed that only 14 (2.1%) of neurosurgical literature were level I, while 54 (8.2%) were level II, 73 (11.1%) were level III, 287 (43.5%) were level IV, and 232 (35.2%) were level V. Therefore the tyrannizing of EBM by RCTs should be overturned as advocated,[@ref9] and the misconception that EBM relies purely on RCTs should be discarded as the field of neurosurgery is a blatant example where other research designs have been and are used for decision making. "WHERE" and "HOW" do we get evidence when challenged by a clinical problem?

Evidence-based medicine methodology {#sec2-6}
===================================

Evidence-based neurosurgery is a tool of considerable value for neurosurgical practice that provides a secure base for clinical practice and practice improvement.[@ref13] The EBN approach involves several steps. These steps include using experience to identify important knowledge gaps and information needs, formulating answerable questions, identifying potentially relevant research, assessing the validity of evidence and results, developing clinical policies that align research evidence and clinical circumstances, and applying research evidence to individual patients with their specific experiences, expectations, and values.[@ref3] These are summarized as the "5 As of EBN" ([**Table 1**](#T1){ref-type="table"}).[@ref3],[@ref14]-[@ref16]

###### 

Five basic steps to taking an evidence-based approach.

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Five basic steps to taking an evidence-based approach- "5 Step Model."
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  ***1. ASK:*** Formulate a focused, clinically pertinent question from a patient's problem.\
  A strategy for formulating specific questions is the P.I.C.O.T.S acronym:\
    •  **[P]{.ul}**atient (the person presenting with the problem, or the **[P]{.ul}**roblem itself)\
    •  **[I]{.ul}**ntervention (action taken in response to the problem, for example endoscopic surgery)\
    •  **[C]{.ul}**omparison (benchmark against which the intervention is measured, for example microscopic surgery)\
    •  **[O]{.ul}**utcome (anticipated result of the intervention, for example visual outcome)\
    •  **[T]{.ul}**ime Frame\
    •  **[S]{.ul}**ettings

  ***2. ACQUIRE:*** Searching for and retrieving of appropriate literature (best available research evidence)

  *3.* **APPRAISE:** Critically review and grading of this literature (critically evaluating and appraising the evidence for its validity and usefulness),

  *4.* **APPLY:** Summarizing and formulating recommendations from the best available evidence.

  *5.* **ACT:** Recommendations from step 4 are integrated with the physician's experience and patient factors to determine optimal care (that is, implementing the findings in clinical practice).
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Practicing EBN is not a walk in the park as practitioners must know how to frame a clinical question to facilitate use of the literature in its resolution. Using the PICOTS format; a question should include the population/problem, the intervention, comparison group, relevant outcome measures and ought to include the settings and timing because the determinants of a disease (place and time) are variable. Thus the patient's concern can be transformed into a clinical question.[@ref3],[@ref14]-[@ref16]

Case Scenario (continuation) {#sec2-7}
============================

The most important step is to formulate a clear searchable clinical question. In our case scenario, the patient raised 2 concerns: approach and tool to be used. Naturally 2 questions can be formulated: Effectiveness and safety of transcranial versus transsphenoidal approach and endoscopy versus microscopy pituitary adenoma surgery.

A question could be "in a patients presenting with giant pituitary adenoma (problem) what is the effectiveness and safety of the endoscopic (intervention) to the microscopic transnasal approach (comparison) on tumor resection, biochemical remission, and complication (outcome). Additionally a precision can be made on the "Setting", and long term outcome (for example recurrence over 10 years \[Time\])". The question is answered via the acquisition of literature usually from Electronic databases (MEDLINE/PUBMED, EMBASE, Cochrane databases, specialized registers for example CINAHL) and searching other resources (bibliographies, hand searches of journals, personal communications, conference presentations, grey literature: unpublished studies, theses, and non-peer--reviewed journals). Other restrictions might include the language (for example, English literature) and time frame. Data acquisition is followed by its appraisal using the following appraisal tools; the application of the results on the individual patients ought to integrate the surgeon's experience and patient's values through the process of "clinical decision making".

Clinical decision-making and EBM EBM clinical decision-making is the process of delivering evidence-based medicine. Neurosurgeons who work under the EBN paradigm (EBN practitioners) regularly consult original literature, including the "methods", "results" and "discussion" sections of research articles and not just the "introduction" and "conclusion" section as many traditional practitioners will do.[@ref3] The process of searching for evidence usually leads to a plethora of clinical evidence with many of the studies yielding conflicting conclusions as in our case scenario. Obviously, not all conclusions can be correct. Correctly interpreting literature on diagnosis, prognosis, and treatment and potentially harmful exposures (medications' side effects, complications) requires an understanding of research methods, as well as the hierarchy of evidence.[@ref3] An EBN approach to sorting through the confusion involves the ranking of evidence from clinical studies according to the type of study design and the methodological rigor followed in each individual study.[@ref5],[@ref8],[@ref16] This has led to the notion of ''hierarchy of evidence'' where some research designs are ranked more powerful than others in their ability to answer specific research questions. The sorts of questions that research addresses may be etiologic, diagnostic, therapeutic, prognostic or economic/decision analysis,[@ref2],[@ref17],[@ref18] and different schemes for levels of hierarchy exist for these different types of research questions. Common to most of the schemes are "expert opinions" at the bottom and "systematic reviews/meta-analyses" at the top of the hierarchical pyramids. That is to say: As one ascends from the bottom to the top of the pyramid, the research design becomes more rigorous, the quality of evidence increases, and the chance for bias decreases.[@ref3] The hierarchy provides a framework for ranking evidence that evaluates health care interventions (for questions on therapy) and indicates which studies should be given the most weight in an evaluation where the same question has been examined using different types of studies.[@ref19] A hierarchical "Pyramid of Evidence" that emphasizes RCTs has been promulgated as the approach to judging study design and quality ([**Figure 2**](#F2){ref-type="fig"}).[@ref20] Subsequently, we will focus on the hierarchy of evidence for individual clinical decision regarding "therapy" (intervention) since neurosurgery is an intervention and an action-oriented medical subspecialty.

![Hierarchy of evidence for individual clinical decision regarding therapy.](Neurosciences-21-197-g002){#F2}

Evaluation of study quality and classification of evidence {#sec2-8}
==========================================================

Evidence-based medicine emphasizes a hierarchy of evidence to help with clinical decision making.[@ref3] Studies are usually evaluated for quality and categorized according to level of evidence. Methods of subject recruitment, group assignment, blinding and the use of randomization are examples of considerations used in assigning each study's level of evidence. The level of evidence determined for each study, indicates the quality of methodology used in the study. Levels of evidence are defined using commonly accepted standards in the literature ([**Figure 2**](#F2){ref-type="fig"}).[@ref21]

Case Scenario (continuation) {#sec2-9}
============================

According to Komotar et al,[@ref6] 4 of the studies were case reports (Level 5) and 10 "Case series" (level 4) although according to current definitions, the latter 10 articles ought to be (retrospective) descriptive cohorts[@ref22] (level 3 or 4 depending on their quality), but this re-assessment is beyond the scope of our review. The type of research question here is that of therapy and no existing observational analytic studies nor RCT were identified by the authors.

Rating scheme for the strength of the evidence: "Three-class system" {#sec2-10}
====================================================================

A proposed hierarchy of published clinical evidence for making individual clinical decisions is presented in [**Table 2**](#T2){ref-type="table"} based on a "3-class system" which is a re-organization of the "5 tiered classification" aforementioned in [**Figure 2**](#F2){ref-type="fig"}. The 5-tiered strategy as in the NASS scheme.[@ref23] [**Figure 2**](#F2){ref-type="fig"} assigns separate levels to "case series" and "expert opinion" while the 3-tiered combines all lower levels of evidence.[@ref24]-[@ref26] This distinction becomes relevant when grading recommendations. The hierarchy implies that in searching for evidence on the effectiveness of interventions or treatments, properly conducted systematic reviews of RCTs with or without meta-analysis or properly conducted RCTs will provide the most powerful form of evidence.[@ref19] However less than 4% of the neurosurgical literature is Level I evidence.[@ref2]

###### 

Class/Level/Strength of Evidence.[@ref24],[@ref25]

  --------------------------------------------------------------------------------------
  Class of Evidence      Study Designs
  ---------------------- ---------------------------------------------------------------
  I=Strong evidence      Good quality (well designed), randomized clinical trial\*

  II=Moderate evidence   Moderate quality RT\
                         Good quality cohort study (CS)\
                         Good quality case control study (CCS)

  III=Weak evidence      Poor quality RCT\
                         Moderate/poor quality CS or CCS\
                         Case Series, case reports, anatomical studies, expert opinion
  --------------------------------------------------------------------------------------

If a systematic review or individual randomized trials are not available, the EBM practitioner will look for high-quality observational studies of relevant management strategies. If unable to get the desired evidence from the above searches, EBM practitioners will fall back on the underlying biology and pathophysiology, and resort to their own or their colleague's clinical experience.[@ref3] The review article by Komotar et al,[@ref6] is considered as level 4 evidence since it is based on "case reports" and "case series"([**Figure 1**](#F1){ref-type="fig"})

Quality of evidence {#sec2-11}
===================

Although study quality assessment is beyond the scope of our review, we underscore that the foundation for any evidence-based practice guidelines rests on the meticulous assessment of medical evidence.[@ref23] Many classifications exist for the assessment of the quality of evidence obtained from studies. There exists a weighting scheme according to the methods delineated by Sackett and colleagues[@ref16] which carefully assesses the methodology of each manuscript and that of each study according to its relevant category-diagnosis, therapy, prognosis, or harm.[@ref25] Another much more useful classification for neurosurgeons is as depicted in the guidelines for the management of severe traumatic brain injury by the brain trauma foundation. Methods[@ref24] derived from criteria developed by the United sates of America Preventive services task force, the National Health Service Centre for Reviews and Dissemination (United Kingdom), and the Cochrane Collaboration. We propose using the modified Downs and Black scale[@ref27] to assess quality because of its robustness in evaluating randomized and nonrandomized methodologies, including observational studies. It provides an overall score for study quality and a profile of scores not only for the quality of reporting, internal validity (bias or systematic error and confounding) and power, but also for external validity.[@ref27]

Resources to other quality assessment tools are enumerated and undermentioned in [**Table 3**](#T3){ref-type="table"}.

###### 

Common critical appraisal tools and reporting guidelines for specific study designs.[@ref36]-[@ref43]

  Study Design                             Initiative                                                  Meaning                                                                                    Links
  ---------------------------------------- ----------------------------------------------------------- ------------------------------------------------------------------------------------------ ---------------------------------------------------------------
  Meta-analysis and systematic reviews     PRISMA (Replaced QUOROM)[@ref41],[@ref42]                   Preferred reporting items for systematic reviews and meta-analyses (reporting checklist)   <http://www.prisma-statement.org/>
                                           AMSTAR[@ref42],[@ref43]                                     Assessment of multiple systematic reviews (methodology checklist)                          <http://www.biomedcentral.com/content/pdf/1471-2288-7-10.pdf>
  Meta-analysis of observational studies   MOOSE[@ref40],[@ref42]                                      Meta-analysis of observational studies in epidemiology                                     <https://www.editorialmanager.com/jognn/account/MOOSE.pdf>
  Randomized clinical trials               CONSORT[@ref36],[@ref37],[@ref42]                           Consolidated standards of reporting trials                                                 <http://www.consort-statement.org/downloads>
  Observational studies                    STROBE[@ref39],[@ref42]                                     strengthening the reporting of observational studies in epidemiology.                      <http://www.strobe-statement.org/>
  Studies of diagnostic tests accuracy     STARD[@ref42]                                               Standards for the reporting of diagnostic accuracy studies                                 <http://www.stard-statement.org/>
  *Other Resources*                                                                                                                                                                               
  EQUATOR[@ref42]                          Enhancing the quality and transparency of health research   <http://www.equator-network.org/reporting-guidelines/stard/>                               

Strength of recommendation {#sec2-12}
==========================

Each study is usually described in terms of "level" and "quality" of evidence and summarized in terms of "strength" of recommendation.[@ref28] Three levels of recommendations I, II, III are derived from their respective class of evidence (Class I, II, and III).[@ref24] Another rating scheme for the strength of the recommendations used levels A, B, C, and D.[@ref25] The North American Spine Society (NASS) strategy scheme grades the recommendations into A (good evidence), B (fair evidence), C (poor evidence), and I (insufficient evidence for recommendation).[@ref23] [**Table 4**](#T4){ref-type="table"} summarizes all the aforementioned schemes.

###### 

Level of evidence and strength of recommendation.[@ref22]-[@ref24]

  Level                                   Strength                                                                                             Level      Description
  --------------------------------------- ---------------------------------------------------------------------------------------------------- ---------- ------------------------------------------------------------------------------------------------------------------------
  Level I high degree of certainty        Standard                                                                                             A          Based on consistent class I evidence (well-designed RCT)
  B                                       Single class I study or consistent class II evidence (especially when circumstances preclude RCTS)              
  Level II moderate degree of certainty   Guideline                                                                                            C          Class II evidence (less well-designed RCT or one or more observational study) or a preponderance of class III evidence
  Level III unclear degree of certainty   Option                                                                                               D (or I)   Class III evidence (case series, case reports, and expert opinion)

In determining the strength of recommendations derived from systematic reviews and meta-analyses, one has to consider the quality of studies included, their homogeneity and the direction of findings from the individual studies as well as the results of analyses that examine potential confounding factors. It is thus possible for a meta-analysis containing only Class II studies to yield a level III recommendation if the above considerations render uncertainty in the confidence of the overall findings.[@ref24] Also, a meta-analysis of poor quality studies does not yield high quality data.[@ref29]

Some literature use the terms: "Standards", "Guidelines" and "Options" respectively for Classes I, II, and III of recommendations of scientific evidence.[@ref30],[@ref31] Other words used synonymously with "recommendations" are "practice parameters", "practice guideline"[@ref30]-[@ref32] or "consensus statements".[@ref15] "Standards" are accepted principles of patient management that reflect a high degree of clinical certainty, and "Guidelines" are recommendations that reflect a particular strategy or a range of management strategies that themselves reflect a moderate clinical certainty, while "Options" are other strategies for patient management for which there is unclear clinical certainty because of inconclusive or conflicting evidence or opinion.[@ref33]

"Guideline" versus "Guidelines" confusion {#sec2-13}
=========================================

Evidence based guidelines rank recommendations based on evidentiary quality as "standards", "guidelines", and "options", hence the confusion regarding the term guideline. In its larger, plural usage (that is "guidelines"), it refers to the entire set of recommendations; within the set of recommendations, a "guideline" is a recommendation based on evidence of intermediate quality.[@ref15] Clinical guidelines are "systematically developed statements to assist practitioner and patient decisions about appropriate health care for specific clinical circumstances.[@ref34]

Critical appraisal {#sec2-14}
==================

Critical appraisal is the assessment of evidence by systematically reviewing its relevance, validity and results to specific situations.[@ref35] The process of critical appraisal can be very time consuming as it requires a careful reading of the whole article, especially the research methodology and statistical analysis and not just the "easy" bits like the introduction and conclusion sections. It is worth the effort, as it enables an understanding of research process to judge its trustworthiness, its value, and contextual relevance.[@ref35] The critical analysis of published reports of clinical investigation is a fundamental skill of the physician. Without the ability to critically analyze, the physician will not be able to incorporate new clinical knowledge appropriately into his or her practice and will not be able to distinguish real advances from fads or overenthusiastic promotions.[@ref15] A critical analysis helps to identify the strengths and weaknesses of the study and avoids taking the author's conclusions at face value.[@ref15]

Several critical appraisal tools are available for the evaluation of quality of methods and reporting of different study designs.[@ref36]-[@ref43] Critical appraisal methods form a central part of the systematic review process. They are used in evidence-based healthcare training to assist clinical decision-making, and are increasingly used in evidence-based social care and education provision.

Quite recently but still to be fully incorporated into the field of neurosurgery is the scheme of the GRADE Working Group that developed the GRADE Frame for rating quality of evidence and grading strength of recommendations in health care. (GRADE=Grading of Recommendations Assessment, Development and Evaluation).[@ref44] It classifies a body of evidence into high, moderate, low and very low quality evidence (high and moderate \[Randomized trial\], low \[Observational study\] and very low \[any other evidence\]) and degrees of recommendations into 2 levels: strong and weak recommendations. RCTs are GRADED as high quality of evidence but can be downgraded, likewise observational studies are GRADED as low, but can be UPGRADED. The GRADE system has the advantage that it is facilitated by a computer program, "GRADEpro". For details see link below: <http://www.gradeworkinggroup.org/publications/JCE_series.htm>

Case Scenario (continuation) {#sec2-15}
============================

The patient was scheduled for an elective endoscopic transsphenoidal surgery (ETS) but 2 days before the operation, he developed pituitary adenoma apoplexy with severe headache and deteriorating vision. The consultant on call had several years of experience with the microscopic approach with little experience in endoscopy. The patient underwent a microscopic transsphenoidal surgery (MTS) with a near total excision except for a remnant lateral and encasing the carotid. The EBN warrants the integration of the best available research evidence, clinical/surgical expertise and judgment, patient preferences and values, and clinical circumstances to provide the best patient care.[@ref2],[@ref3] Although the best available research evidence is in favor of an ETS, the pending clinical circumstance was that of an emergency with no available staff to support ETS (lack of surgical expertise). The patient switched his preferences from ETS to MTS because of the fear of losing his vision. Intra-operatively, the surgeon left behind a remnant (clinical judgment), which could otherwise have been easily excised if an angled endoscope, was used.

Many authors have suggested that there is no clear evidence of the superiority of one technique to another since differences if any in outcome are minute. Each of the techniques has its respective pros and cons and specific indications. The systematic review by Komotar et al[@ref6] is based poor quality data (on level 4 and 5 evidence and produces LEVEL III recommendation i.e. evidence of unclear degree of certainty), so there is no justification to aggressively push for one technique over the other. The absence of analytic (namely comparative) studies in the review makes it difficult to establish any causal associations. Maybe in future, a randomized controlled trial will do.

Pros and cons of evidence-based medicine {#sec2-16}
========================================

Evidence-based neurosurgery is a tool of considerable value for neurosurgical practice that provides a secure base for clinical practice and practice improvement though it is not without inherent drawbacks, weaknesses or limitations.[@ref13]

Much of the accepted neurosurgical practice has never been validated in RCTs and there will always be plausible interventions for which no evidence is (yet) available.[@ref8] Evidence-based medicine in general with EBN inclusive aims to address the persistent problem of clinical practice variation with the help of various tools, including standardized practice guidelines. Critics stipulate that by discouraging idiosyncrasies in clinical technique, standards introduce disincentives for individual innovations in care and healthy competition among practitioners. While advocates welcome the stronger scientific foundation of such guidelines, critics argue that EBM could de-revolutionize care, to bring about stagnation and bland uniformity, derogatorily characterizing it as "cookbook medicine.[@ref34] Because EBM was initially defined in opposition to clinical experience, it created fear amongst traditional professionals but later definitions have emphasized its complementary character and have aimed to improve clinical experience with better evidence."[@ref34] Opponents of EBM disregard it as not having sufficient proven efficacy.[@ref45] They mistakenly suggested that EBM equates "lack of evidence of efficacy" with the "evidence for the lack of efficacy".[@ref3] Questions such as "Where is the evidence for evidence-based medicine?" have been asked.[@ref15] But absence of evidence shouldn't be interpreted as evidence of absence as inferred from the classic logical fallacy.[@ref8] Other critics argue that EBM is not a tool for providing optimal patient care, but merely a cost-containment tool.[@ref3]

Opponents continue to argue that EBM relies on peer-reviews of literature as their primary source of evidentiary knowledge, which themselves are flawed and have inherent limitations. Also RCTs, the pinnacle in evidentiary hierarchy are extremely expensive and time consuming to perform thus rare diagnoses and uncommon interventions are not likely to ever be studied using RCT methodology. "As a result, there will never be this level of evidence for those diseases or interventions" and unfortunately, many neurosurgical diseases and interventions fall into this category. One key point to underscore is the fact that there is a major difference between size of effect for an intervention and strength of evidence supporting the use of that intervention. A study design low in the evidentiary hierarchy can produce results with a strong association precluding the necessity for further studies of higher rank. For example an RCT was not needed to prove that the earliest possible, rather than delayed, intervention for patients with epidural hematoma and pupillary asymmetry was better.[@ref46] Similarly the introduction of penicillin in the 1930s is another classic example.[@ref8] The dramatic effect of penicillin was obvious at the case report and case series level, and it would not have been appropriate or desirable to await RCT testing before recommending penicillin as standard therapy for pneumonia.[@ref8] Worth noting is that: EBM evidence hierarchies do not include qualitative studies, which are important in clinical decision-making.

Cost is also a driving factor in health care, and this should be factored in. Medical and policy decisions are influenced by other factors other than evidence such as religion, politics and a new notion called "enthusiasm!" Summarily, Poolman et al,[@ref47] pointed out "7 common misconceptions" about EBM namely: EBM is not possible without RCTs, EBM disregards clinical proficiency, one needs to be a statistician to practice EBM, the usefulness of applying EBM to individual patients is limited, keeping up-to-date and finding the evidence is impossible for busy clinicians, EBM is a cost-reduction strategy, and EBM is not evidence-based. These false interpretations stemming from a lack of knowledge are convenient interpretations of the principles of EBM and a contradiction to the true goals of EBM which is to ameliorate patient care.[@ref3]

While the impact of evidence-based practice parameter development on patient outcomes remains relatively understudied,[@ref48] there have been at least some suggestions of a beneficial impact.[@ref15],[@ref49],[@ref50] Supporters tend to see guidelines as a panacea for the problems of rising costs, inequity, and variability plaguing the health care field.[@ref34] Evidenced-based neurosurgery and practice guidelines provide a stronger scientific foundation for clinical work, to achieve consistency, efficiency, effectiveness, quality, and safety in medical care. Evidenced-based neurosurgery methods have led to guidelines forming the basis of evidence-based care; an attractive philosophy for providing an objective and science-based rationale for healthcare policies.

In conclusion, EBN has become one of the pillars of modern neurosurgery. The purpose of EBN and practice guidelines is to provide a stronger scientific foundation for clinical work, to achieve consistency, efficiency, effectiveness, quality, and safety in medical care. Neurological surgery is an intervention and action-oriented surgical subspecialty. Consequently, while decisions regarding etiology, diagnosis, prevention, and prognosis are important, decisions regarding interventions tend to be more interesting and relevant to the majority of decisions. Although RCTs are not suitable to investigate many neurosurgical problems, this does not preclude practicing EBN that requires consideration of the strongest available evidence at the time of clinical decision-making. The techniques of EBM are relevant to neurological surgeons and require periodic updating, as information and knowledge are time dependent. Neurosurgeons and neurosurgical trainees should cultivate sound EBN practice and strive to improve the available evidence base for neurosurgery. This requires an understanding of the basic concepts of neurostatistics and neuroepidemiology.
